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1
SYSTEMS AND METHODS TO SUPPORT AN
INFLATABLE AIRBAG CUSHION

TECHNICAL FIELD

The present disclosure relates generally to the field of
automotive protective systems. More specifically, the pres-
ent disclosure relates to frontal airbag systems that are
configured to deploy in response to frontal collision events.

BRIEF DESCRIPTION OF THE DRAWINGS

The present embodiments will become more fully appar-
ent from the following description and appended claims,
taken in conjunction with the accompanying drawings.
Understanding that the accompanying drawings depict only
typical embodiments, and are, therefore, not to be consid-
ered limiting of the scope of the disclosure, the embodiments
will be described and explained with specificity and detail in
reference to the accompanying drawings.

FIG. 1A is a side view of a portion of an interior of a
vehicle equipped with an inflatable airbag system, according
to an embodiment of the present disclosure.

FIG. 1B is a side view of a portion of the interior of the
vehicle of FIG. 1A with the inflatable airbag system in a
deployed state.

FIG. 1C is a side view of a portion of the interior of the
vehicle of FIG. 1A with the inflatable airbag system in a
deployed state and supporting the occupant.

FIG. 2 is a perspective view of an inflatable airbag
cushion at least partially inflated, according to an embodi-
ment of the present disclosure

FIG. 3 shows an inflatable airbag cushion in a preas-
sembled state, according to an embodiment of the present
disclosure.

FIG. 4 shows an inflatable airbag cushion in a preas-
sembled state, according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

The present disclosure is directed toward supporting an
inflatable airbag cushion. More particularly, the invention
provides a repeatable and predictable means of supporting
the inflatable airbag cushion, typically a passenger airbag in
avehicle having a shelf-like structure at an instrument panel.

It will be readily understood that the components of the
embodiments as generally described and illustrated in the
figures herein could be arranged and designed in a wide
variety of different configurations. Thus, the following more
detailed description of various embodiments, as represented
in the figures, is not intended to limit the scope of the
disclosure, as claimed, but is merely representative of vari-
ous embodiments. While the various aspects of the embodi-
ments are presented in drawings, the drawings are not
necessarily drawn to scale unless specifically indicated.

As used herein, the terms “dashboard” and “‘instrument
panel” refer to a feature of an interior of a motor vehicle
disposed in a cab-forward location facing rearward to be
faced by a motor vehicle occupant, which often includes a
glove compartment or a shelf-like region in a portion thereof
that faces a passenger and may include instruments (e.g.,
radio and/or climate controls) in a more central region
thereof, although such instruments need not be present. In at
least some instances industry-wide, the terms dashboard and
instrument panel may be used interchangeably. For the
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present disclosure, the term instrument panel circumscribes
such instances, as well as instances wherein the two terms
have distinct meanings.

The term “opposite” is a relational term used herein to
refer to a placement of a particular feature or component in
a position corresponding to another related feature or com-
ponent wherein the corresponding features or components
are positionally juxtaposed to each other. By way of
example, a person’s right hand is opposite the person’s left
hand.

Inflatable airbag assemblies are widely used to reduce or
minimize occupant injury during a collision event. An
inflatable airbag cushion of an inflatable airbag assembly
used in a vehicle should perform reliably, predictably, and in
a repeatable manner. Although vehicle surfaces which may
support or interact with an inflatable airbag cushion may
vary from vehicle model to model, the inflatable airbag
cushion must be able to perform in a consistent, repeatable
manner. For a vehicle with an instrument panel having a
shelf-like structure, an inflatable airbag cushion may not
perform in a repeatable manner due to inadequate support of
aportion of a forward aspect of the inflatable airbag cushion.

During installation, airbags are typically disposed at an
interior of a housing in a packaged state (e.g., are rolled,
folded, and/or otherwise compressed) or a compact configu-
ration and may be retained in the packaged state behind a
cover. During a collision event, an inflator is triggered,
which rapidly fills the airbag with inflation gas. The airbag
can rapidly transition from a packaged state (e.g., a compact
configuration) to a deployed state or an expanded configu-
ration. For example, the expanding airbag can open an
airbag cover (e.g., by tearing through a burst seam or
opening a door-like structure) to exit the housing. The
inflator may be triggered by any suitable device or system,
and the triggering may be in response to and/or influenced
by one or more vehicle sensors.

The expanding airbag cushion may be supported by, and
directionally influenced by, various surfaces of the vehicle,
including an upper surface of the instrument panel, a rear-
ward-facing surface of the instrument panel, formations
(e.g., voids, cavities) within the surface of the instrument
panel, etc. An airbag assembly can mitigate injury to an
occupant of a vehicle during a collision event by reducing
the effect of impact of the occupant against structures
(body-structure impact) within the vehicle (such as, e.g., a
dashboard or door column). Deviations (e.g., particular
voids or cavities, of an instrument panel, such as a shelf-like
structure or receptacle) may present a region which offers
inadequate or no support for a portion of the inflatable airbag
cushion. As a result, the inflatable airbag cushion may not
deploy in a consistent manner to receive an occupant so as
to reduce or minimize injury.

Some embodiments disclosed herein can provide
improved positioning, cushioning, and/or safety to occu-
pants involved in particular types of collisions. For example,
some embodiments can be configured to cushion a vehicle
driver and/or front-seat passengers seated adjacent the pas-
senger-side door. Examples of types of collisions in which
certain embodiments may prove advantageous include one
or more of (1) collisions where the struck object fails to
engage the structural longitudinal components and/or engine
block of the occupant’s vehicle, (2) collisions where the
impact forces act primarily outside of either the left or right
longitudinal beams of the occupant’s vehicle, (3) collisions
classified under the Collision Deformation Classification
scheme as FLEE or FREE, (4) front-impact collisions where
the occupant’s vehicle strikes no more than 25% of the
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vehicle width, (5) collisions as specified for the Insurance
Institute for Highway Safety (IIHS) small overlap frontal
crash test, or (6) collisions as specified for the National
Highway Traffic Safety Administration (NHTSA) oblique
impact test. The conditions for the IIHS small overlap front
crash test and the NHTSA oblique impact test are disclosed
in the Insurance Institute for Highway Safety, Small Overlap
Frontal Crashworthiness Evaluation Crash Test Protocol
(Version II) (December 2012); and Saunders, J., Craig, M.,
and Parent, D., Moving Deformable Barrier Test Procedure
for Evaluating Small Overlap/Oblique Crashes, SAE Int. J.
Commer. Veh. 5(1):172-195 (2012). As used herein, the term
“oblique” when used to describe a collision (crash, impact,
etc.) is intended to encompass any of the foregoing
described collisions and any other collisions in which an
occupant’s direction of travel as a result of the impact
includes both a forward direction or component and a lateral
direction or component. In the present disclosure, the lon-
gitudinal component of an occupant’s post-collision trajec-
tory during or after an oblique collision may be oriented in
the car-forward direction.

FIG. 1A is a side view of a portion of an interior of a
vehicle 10 equipped with an inflatable airbag system 100,
according to an embodiment of the present disclosure. The
vehicle 10 comprises an instrument panel 12 and a vehicle
seating position 40 disposed rearward of the dashboard. The
vehicle seating position 40 may be defined by a seat 42 (e.g.,
a front passenger seat, a front driver seat, a back seat) of a
vehicle and may be a position in which an occupant is
generally positioned when seated in a seat of a vehicle. The
vehicle seating position 40 may be the position in which the
vehicle 10 and/or the seat 42 is designed to transport an
occupant 50 and/or a position in which an occupant 50 may
be seated prior to and/or during a collision event. The
vehicle seating position 40 comprises a seat 42 and a seat
belt harness 43. An occupant 50 is shown occupying the
vehicle seating position 40. The instrument panel 12 com-
prises a reaction surface 13 and a blind hole 14. The blind
hole 14 is a cavity within a portion of the instrument panel
12, generally, within a rearward-facing portion of the instru-
ment panel 12. The cavity is open toward a rearward area
and is at least partially closed toward a forward aspect of the
instrument panel 12. By way of example without limitation,
the blind hole 14 may be a doorless glove box. In the
embodiment of FIG. 1A, the blind hole 14 is defined by a
blind end 16 and a shelf 18. The blind end 16 is a forward
portion of the blind hole 14 disposed generally opposite the
open end or side of the blind hole 14. The shelf 18 is a
portion of the instrument panel 12 below an upper surface of
the instrument panel forming a generally horizontal region
of a rearward portion of the instrument panel. A shelf may
define a lower extent of a recess. A shelf may define a blind
hole or a portion of a blind hole of an instrument panel.
While the embodiment of FIGS. 1A-1C shows a blind end
16 with a shelf 18, this is for convenience of the disclosure
and not by way of limitation a blind hole 14 with a blind end
16 and a shelf 18 is but one configuration of the instrument
panel 12 anticipated by the disclosure. Generally, a blind
hole 14 or a shelf 18 may extend laterally along at least a
portion of the instrument panel 12.

In the illustrated embodiment of FIG. 1A, the inflatable
airbag system 100 is disposed within a housing 102 at an
upper and forward aspect of the instrument panel 12. The
inflatable airbag system 100 may include an inflator 104.

FIG. 1B is a side view of a portion of the interior of the
vehicle 10 of FIG. 1A with the inflatable airbag system 100
in a deployed state. The vehicle seating position 40, the seat
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42, and the seat belt harness 43 are shown for reference, as
is the occupant 50. A head 52 and torso 54 of the occupant
50 are also identified for reference. An inflatable airbag
cushion 110 is shown at least partially deployed and inflated
by operation of the inflator 104. The inflatable airbag
cushion 110 comprises a forward-facing surface 130 (e.g., a
reaction surface interface), a forward protrusion 120, a
central receiving area 140, and a torso receiving area 150.
The forward protrusion 120 projects from the forward-
facing surface 130 of the inflatable airbag cushion 110.

The forward protrusion 120 of the inflatable airbag cush-
ion 110 is shaped and otherwise configured to occupy a
substantial portion of the blind hole 14 defined by the blind
end 16 and shelf 18 in the instrument panel 12. In other
words, the forward protrusion 120 may be configured to
substantially mirror the blind hole 14, or the shelf 18. More
particularly, the forward protrusion 120 may be configured
to conform to a shape of the blind hole 14. The forward
protrusion 120 may be restricted to a bottom or lower
portion of a forward-facing surface 130 of the inflatable
airbag cushion 110. In one embodiment, the forward pro-
trusion 120 may extend along an entire width of a forward-
facing surface 130 of the inflatable airbag cushion 110. In
one embodiment, the instrument panel 12 may comprise a
plurality of blind holes 14 and the inflatable airbag cushion
110 may comprise a plurality of protrusions spaced along the
width of the forward-facing surface 130 of the inflatable
airbag cushion 110 to conform to the plurality of blind holes
14 of the instrument panel 12. In one embodiment, the
forward protrusion 120 may protrude directly forward from
a lower portion of the inflatable airbag cushion 110 in a
deployed condition. In one embodiment, the forward pro-
trusion 120 may be angled downward and forward from the
inflatable airbag cushion 110 in a deployed condition. The
forward protrusion 120 may project three centimeters or
more from a portion of the forward-facing surface 130 of the
inflatable airbag cushion 110 in a deployed condition. The
forward protrusion 120 may be configured to engage the
blind end 16 of the blind hole 14 whereby the blind end 16
may function as an additional reaction surface supporting
the inflatable airbag cushion 110. In other words, the for-
ward protrusion 120 at least partly contacts the blind end 16
of the blind hole 14.

A portion of the forward-facing surface 130 may be
configured to interact with the instrument panel 12, such that
the instrument panel 12 provides a reaction surface 13
against which the forward-facing surface 130 reacts. The
forward-facing surface 130 may engage the reaction surface
13 in a manner to dispose the inflatable airbag cushion 110
to receive the occupant 50 during a collision event. For
example, during inflation, the forward-facing surface 130
may cause the inflatable airbag cushion 110 to achieve an
orientation with the central receiving area 140 and torso
receiving area 150 properly disposed to receive the head 52
and/or torso 54 of the occupant 50. The forward-facing
surface 130 may also provide particular support by engaging
the reaction surface 13 as the inflatable airbag cushion 110
becomes loaded by receiving the head 52 and/or torso 54 of
the occupant 50 during a collision event. The forward
protrusion 120 may be configured to engage a substantial
lateral width of the blind end 16 of the blind hole 14 whereby
the forward protrusion 120 may stabilize the inflatable
airbag cushion 110 against lateral rotation or oscillation as
the inflatable airbag cushion 110 inflates and becomes
loaded by receiving the head 52 and/or torso 54 of the
occupant 50.
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The central receiving arca 140 may be disposed in an
upper portion of a rearward-facing surface of the inflatable
airbag cushion 110. A pair of lobes 144 (and 142 in FIG. 2)
may be disposed adjacent the central receiving area 140,
with one lobe to either side of the central receiving area 140.
The central receiving area 140 may be particularly config-
ured to receive and cushion the head 52 of the occupant 50
in a collision event. The lobes 142, 144 may provide
protection for the head 52 of the occupant, in particular, in
an oblique collision event. The torso receiving area 150 may
be disposed below the central receiving area 140, or may be
a lower portion of the central receiving area 140. The torso
receiving area 150 may be configured to receive and support
the torso 54 of the occupant 50 during a collision event.

FIG. 1C is a side view of a portion of the interior of the
vehicle 10 of FIG. 1A with the inflatable airbag system 100
in a deployed state and supporting the occupant 50. The
instrument panel 12, the housing 102, and the inflator 104
are shown for reference. The occupant 50 has engaged the
rearward-facing surface of the inflatable airbag cushion 110,
with the head 52 at the central receiving area 140, and the
torso 54 at the torso receiving area 150. The lobes 144 (and
142 in FIG. 2) may provide particular support for the head
52 of the occupant 50 in an oblique collision event. With the
occupant 50 engaged against and supported by the inflatable
airbag cushion 110, the inflatable airbag cushion 110 is
supported at least partially by the instrument panel 12. The
forward-facing surface 130 may at least partially support the
inflatable airbag cushion 110 by engaging the reaction
surface 13 of the instrument panel 12. More particularly, the
forward protrusion 120 engages and/or is supported by the
blind end 16 and/or shelf 18 of the blind hole 14 in the
instrument panel 12. In other words, the forward protrusion
120 at least partly contacts the blind end 16 and/or shelf 18
of the blind hole 14. The forward protrusion 120, by
engaging the blind end 16 and/or shelf 18 of the blind hole
14, may produce repeatably reliable support for the inflat-
able airbag cushion 110 during a collision event. In other
words, the forward protrusion 120 may limit or prevent
instability of the inflatable airbag cushion 110 as the occu-
pant 50 engages the inflatable airbag cushion 110. Instability
of the inflatable airbag cushion 110 may reduce the effec-
tiveness of the inflatable airbag cushion 110 in protecting the
occupant 50 during a collision event.

FIG. 2 is a perspective view of the inflatable airbag
cushion 110 of FIGS. 1B-1C at least partially inflated. The
inflatable airbag cushion 110 comprises a central panel 112,
a first lateral panel 114, and a second lateral panel 116. The
forward protrusion 120, the forward-facing surface 130, the
central receiving area 140, and the torso receiving area 150
are shown for reference. A first lobe 142 is disposed adjacent
the central receiving area 140 and toward the first lateral
panel 114 and a second lobe 144 is disposed adjacent the
central receiving area 140 and toward the second lateral
panel 116. The first and second lateral panels 114, 116 are
substantially symmetric to each other in the assembled
inflatable airbag cushion 110. As can be appreciated, in other
embodiments the first and second lateral panels 114, 116
may lack symmetry to each other.

A port 105 is disposed on a forward portion of the
inflatable airbag cushion 110 and, more particularly, in a
portion of the central panel 112. The port 105 may be
configured to accommodate or direct inflation gas from the
inflator (see 104 in FIGS. 1A-1C) to an interior of the
assembled inflatable airbag cushion 110.

In the illustrated embodiment, the forward protrusion 120
extends along an entire width of the forward-facing surface
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130 from a first lateral edge to a second lateral edge. As
mentioned previously, the forward protrusion 120 is shaped
or otherwise configured to engage and/or abut against (to be
supported by) a blind end and/or shelf of a blind hole of an
instrument panel. The forward protrusion 120, by engaging
the blind end and/or shelf of a blind hole may produce
predictable and/or repeatably reliable support for the inflat-
able airbag cushion 110 during a collision event. In other
words, the forward protrusion 120 may limit or prevent
instability of the inflatable airbag cushion 110 during
engagement and ridedown of an occupant during a collision
event. Improving stability (or reducing the instability) of the
inflatable airbag cushion 110 may enhance effectiveness of
the inflatable airbag cushion 110 in protecting an occupant
during a collision event.

FIG. 3 illustrates the inflatable airbag cushion 110 of FIG.
2 in a preassembled state. The central panel 112, first lateral
panel 114, and second lateral panel 116 are shown as
individual components in a flat condition. The central panel
112 of the embodiment of FIG. 3 is configured to provide the
forward-facing surface 130, the forward protrusion 120, the
torso receiving area 150, and the central receiving area 140.
The port 105 (shown in FIG. 2) comprises a first inflation
port 105a and a second inflation port 1055 disposed toward
opposite longitudinal ends of the central panel 112, as shown
in FIG. 3. The first inflation port 1054 and second inflation
port 1055 are configured to overlie each other in an
assembled configuration. The central panel 112 includes a
first forward-facing surface edge 132 and a second forward-
facing surface edge 134 disposed at laterally opposite sides
of the forward-facing surface 130. The central panel 112
includes a first forward protrusion edge 122 and a second
forward protrusion edge 124 disposed at laterally opposite
sides of the forward protrusion 120. The central panel 112
includes a first torso receiving area edge 152 and a second
torso receiving area edge 154 disposed at laterally opposite
sides of the torso receiving area 150. The central panel 112
includes a first lobe edge 141 and a second lobe edge 143
disposed at laterally opposite sides of the central receiving
area 140.

The first lateral panel 114 comprises a third forward-
facing surface edge 136, a third forward protrusion edge
126, a third torso receiving area edge 156, and a third lobe
edge 146 disposed about the perimeter of the first lateral
panel 114. The first lateral panel 114 is configured to couple
about its perimeter to a lateral side of the central panel 112.
More particularly, the third forward-facing surface edge 136
is configured to couple with the first forward-facing surface
edge 132 of the central panel 112. Similarly, the third
forward protrusion edge 126 is configured to couple with the
first forward protrusion edge 122, the third torso receiving
area edge 156 is configured to couple with the first torso
receiving area edge 152, and the third lobe edge 146 is
configured to couple with first lobe edge 141.

The second lateral panel 116 generally mirrors the first
lateral panel 114 and comprises a fourth forward-facing
surface edge 138, a fourth forward protrusion edge 128, a
fourth torso receiving area edge 158, and a fourth lobe edge
148 disposed about the perimeter of the second lateral panel
116. The second lateral panel 116 is configured to couple
about its perimeter to a lateral side of the central panel 112
and opposite the first lateral panel 114. More particularly, the
fourth forward-facing surface edge 138 is configured to
couple with the second forward-facing surface edge 134 of
the central panel 112. Similarly, the fourth forward protru-
sion edge 128 is configured to couple with the second
forward protrusion edge 124, the fourth torso receiving area
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edge 158 is configured to couple with the second torso
receiving area edge 154, and the fourth lobe edge 148 is
configured to couple with the second lobe edge 143.

The first and second lateral panels 114, 116, as well as the
central panel 112, may be configured such that coupling of
first lobe edge 141 and third lobe edge 146 forms a lobe (see
the lobe 142 in FIG. 2) disposed toward a lateral side of the
central receiving area 140, and coupling of the second lobe
edge 143 and the fourth lobe edge 148 forms a lobe (see the
lobe 144 in FIG. 2) disposed toward an opposite lateral side
of the central receiving area 140.

The first and second lateral panels 114, 116 may couple to
the central panel 112 by seams. The central panel 112 may
couple to itself by seams near or about the first and second
inflation ports 105a, 1055. Seams may be formed by sewing,
radio-frequency welding, gluing, adhesive, or any other
appropriate means, or a plurality of appropriate means.
Furthermore, a seam may be formed by different means at
various locations along the seam.

FIG. 4 is a perspective of an inflatable airbag cushion 410
similar in many respects to the inflatable airbag cushion 110
of FIGS. 1A, 1B, 1C, 2, and 3 and in a preassembled state.
A central panel 412, a first lateral panel 414, and a second
lateral panel 416 are shown. The central panel 412 com-
prises first and second inflation ports 405a, 4056 corre-
sponding to the first and second inflation ports 105a, 1056
of FIG. 3. The central panel 412 further comprises a for-
ward-facing surface 430, a forward protrusion 420, a torso
receiving area 450, and a central receiving area 440, each
corresponding, respectively, to the forward-facing surface
130, the forward protrusion 120, the torso receiving area
150, and the central receiving area 140 of FIG. 3. Similarly,
the central panel 412 comprises first and second forward-
facing surfaces 432, 434, first and second torso receiving
area edges 452, 454, and first and second lobe edges 441,
443 corresponding, respectively, to the first and second
forward-facing surfaces 132, 134, the first and second torso
receiving area edges 152, 154, and the first and second lobe
edges 141, 143 of FIG. 3. The central panel 412 further
comprises first and second forward protrusion edges 422,
424 approximately corresponding to the first and second
forward protrusion edges 122, 124 of FIG. 3. While the first
and second forward protrusion edges 122, 124 of FIG. 3 lie
in a generally straight line along an edge of the central panel
112 of FIG. 3, the first and second protrusion edges 422, 424
each define an arcuate form impinging toward the forward
protrusion 420.

The first lateral panel 414 comprises a third forward-
facing surface edge 436, a third forward protrusion edge
426, a third torso receiving area edge 456, and a third lobe
edge 446 corresponding to the third forward-facing surface
edge 136, the third forward protrusion edge 126, the third
torso receiving area edge 156, and the third lobe edge 146
of the first lateral panel 114 of FIG. 3. The second lateral
panel 416 similarly comprises a fourth forward-facing sur-
face edge 438, a fourth forward protrusion edge 428, a fourth
torso receiving area edge 458, and a fourth lobe edge 448
corresponding to the fourth forward-facing surface edge
138, the fourth forward protrusion edge 128, the fourth torso
receiving area edge 158, and the fourth lobe edge 148 of the
second lateral panel 116 of FIG. 3.

The first and second lateral panels 414, 416 couple to the
central panel 412 similarly as described for the correspond-
ing first and second lateral panels 114, 116, and central panel
112 of FIG. 3. In at least one embodiment, the arcuate form
of the first and second forward protrusion edges 422, 426
may define a form or shape of the forward protrusion 420 in
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the assembled state distinct from that formed in the assem-
bly of the components of FIG. 3. The arcuate form of the first
and second forward protrusion edges 422, 424 may define a
laterally narrower forward protrusion 420. A laterally nar-
rower forward protrusion 420 may be desirable to conform
to a given configuration of a blind hole.

In one embodiment, the first forward protrusion edge 422
may be generally straight (similar to the first forward
protrusion edge 122 of FIG. 3), while the second forward
protrusion edge 424 may be arcuate, whereby another par-
ticular configuration of the forward protrusion 420 is defined
to accommodate a given blind hole configuration. Similarly,
the first forward protrusion edge 422 may be arcuate and the
second forward protrusion edge 424 may be generally
straight. In another embodiment, either or both of the first
and second forward protrusion edges 422, 424 may be
arcuate at different degrees, or different distances to define
a particular form of the forward protrusion 420 for a desired
application. In one embodiment, an arcuate form of one of
the first and second forward protrusion edges 422, 424 may
be reversed so as to laterally expand a portion of the central
panel 412 whereby a particular form of the forward protru-
sion 420 may be defined. In one embodiment, the third
forward protrusion edge 426, or the fourth forward protru-
sion edge 428, or both, may be altered to further accommo-
date a desired form definition of the forward protrusion 420.
Other configurations of the first and second forward protru-
sion edges 422, 424, as well as the third and fourth forward
protrusion edges 426, 428, and the forward protrusion 420
are anticipated by the disclosure.

In one embodiment, that portion of the central panel 412
generally between the first and second forward protrusion
edges 422, 424, along with the third and fourth forward
protrusion edges 426, 428 may be configured to define a
plurality of protrusions that are spaced along the width of the
forward-facing surface 430 of the inflatable airbag cushion
410. In other words, a portion of the central panel 412
generally conforming to the forward protrusion 420 may
comprise one or more seams, apertures having edges to
couple with one or more additional panels, or other means
whereby a plurality of forward protrusions may be defined
so as to engage (at least partly contact) blind ends of
multiple blind holes.

Reference throughout the disclosure to “one embodi-
ment,” “an embodiment,” or “the embodiment” means that
a given feature, structure, or characteristic described in
connection with that embodiment is included in at least one
embodiment. The quoted phrases, or variations thereof, as
recited throughout this disclosure are not necessarily all
referring to the same embodiment.

Similarly, it should be appreciated by one of skill in the
art with the benefit of this disclosure that in the above
description of embodiments, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure.
This method of disclosure, however, is not to be interpreted
as reflecting an intention that any claim requires more
features than those expressly recited in that claim. Rather, as
the following claims reflect, inventive aspects lie in a
combination of fewer than all features of any single fore-
going disclosed embodiment. Thus, the claims following
this Detailed Description are hereby expressly incorporated
into this Detailed Description, with each claim standing on
its own as a separate embodiment. This disclosure includes
all permutations of the independent claims with their depen-
dent claims.
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Recitation in the claims of the term “first” with respect to
a feature or element does not necessarily imply the existence
of a second or additional such feature or element.

It will be apparent to those having skill in the art that
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the present disclosure. Embodiments of the disclo-
sure in which an exclusive property or privilege is claimed
are defined as expressed herein.

Example 1. An inflatable airbag cushion comprising a
rearward-facing surface to be positioned forward of a
vehicle seating position for receiving one or more of a head
and a torso of an occupant in a forward direction during a
collision event; and a forward-facing surface comprising a
protrusion, wherein the forward-facing surface is configured
to engage an instrument panel, wherein the protrusion is
configured to at least conform to and partially fill a blind
hole disposed on the instrument panel, and wherein the
protrusion is configured to engage a blind end of the blind
hole.

Example 2. The inflatable airbag cushion of example 1,
wherein the protrusion is restricted to a bottom portion of the
forward-facing surface of the inflatable airbag cushion.

Example 3. The inflatable airbag cushion of example 1,
wherein the protrusion extends along an entire width of the
forward-facing surface from a first lateral edge to a second
lateral edge.

Example 4. The inflatable airbag cushion of example 1,
wherein the forward-facing surface comprises a plurality of
protrusions that are spaced along the width of the forward-
facing surface.

Example 5. The inflatable airbag cushion of example 1,
wherein the protrusion is angled downward and forward in
a deployed configuration of the inflatable airbag cushion.

Example 6. The inflatable airbag cushion of example 1,
wherein the protrusion projects at least three centimeters
from the forward-facing surface.

Example 7. The inflatable airbag cushion of example 1,
wherein the rearward-facing surface comprises a pair of
lobes disposed on opposing sides of a central receiving area,
wherein the central receiving area is configured to receive a
head of the occupant during a collision event.

Example 8. An airbag deployment system comprising an
instrument panel comprising a blind hole, wherein the
instrument panel houses an inflatable airbag assembly, the
inflatable airbag assembly comprising an inflatable airbag
cushion comprising a rearward-facing surface to be posi-
tioned forward of a vehicle seating position for receiving
one or more of a head or a torso of an occupant in a forward
direction during a collision event, and a forward-facing
surface comprising a protrusion, wherein the forward-facing
surface is configured to engage the instrument panel,
wherein the protrusion is configured to conform to and
partially fill the blind hole of the instrument panel, and
wherein the protrusion is configured to engage a blind end
of the blind hole.

Example 9. The airbag deployment system of example 8,
wherein the blind hole of the instrument panel is a shelf that
extends laterally along the instrument panel.

Example 10. The airbag deployment system of example 8,
wherein a width and a depth of the protrusion substantially
mirror the blind hole of the instrument panel.

Example 11. The airbag deployment system of example 8,
wherein the instrument panel comprises a plurality of blind
holes, and wherein the inflatable airbag assembly comprises
a plurality of protrusions, wherein each protrusion of the
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inflatable airbag assembly conforms to one of the plurality
of blind holes of the instrument panel.

Example 12. The airbag deployment system of example 8,
wherein the protrusion is restricted to a bottom portion of the
forward-facing surface of the inflatable airbag cushion.

Example 13. The airbag deployment system of example 8,
wherein the protrusion extends along an entire width of the
forward-facing surface from a first lateral edge to a second
lateral edge.

Example 14. The airbag deployment system of example 8,
wherein the forward-facing surface comprises a plurality of
protrusions that are spaced along the width of the forward-
facing surface.

Example 15. The airbag deployment system of example 8,
wherein the protrusion is angled downward and forward in
a deployment of the inflatable airbag cushion.

Example 16. The airbag deployment system of example 8,
wherein the protrusion projects at least three centimeters
from the forward-facing surface.

Example 17. The airbag deployment system of example 8,
wherein the rearward-facing surface comprises a pair of
lobes disposed on opposing sides of the central receiving
area, wherein the central receiving area is configured to
receive the head of the occupant during a collision event.

Example 18. An inflatable airbag cushion comprising a
central panel comprising a substantially rectangular shape; a
pair of side panels that each couples to an edge of the central
panel, each side panel of the pair of side panels including an
edge that extends outward from the side panel in a forward-
facing surface of the inflatable airbag cushion, wherein
opposing lateral edges of the central panel at least partially
couple to one of the pair of side panels, and wherein the edge
of each of the pair of side panels that extends outward from
the side panel forms a protrusion that is configured to
conform to and partially fill a blind hole of an instrument
panel, and wherein the protrusion is configured to engage a
blind end of the blind hole.

Example 19. The inflatable airbag cushion of example 18,
wherein the opposing lateral edges of the central panel
couple to the side panel along the entire edge of each of the
pair of side panels.

Example 20. The inflatable airbag cushion of example 18,
wherein the central panel comprises a pair of cutouts that
couple to the edges that extend outward from the side panel.

What is claimed is:

1. An inflatable airbag cushion comprising:

a central panel comprising a substantially rectangular
shape;

a pair of side panels that each couple to an edge of the
central panel, each side panel of the pair of side panels
including an edge that includes a portion that protrudes
from the side panel in a forward direction,

a rearward-facing surface to be positioned forward of a
vehicle seating position for receiving one or more of a
head and a torso of an occupant in a forward direction
during a collision event; and

a forward-facing surface and a protrusion that projects
from the forward-facing surface, wherein the forward-
facing surface is configured to engage an instrument
panel and the protrusion is configured to at least
partially conform to and partially fill a blind hole
disposed on the instrument panel, and wherein the
protrusion is configured to engage a blind end of the
blind hole,

wherein opposing lateral edges of the central panel each
at least partially couple to one of the pair of side panels,
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wherein the edge of each of the pair of side panels that
protrudes forward from the side panel forms the pro-
trusion, and

wherein the central panel comprises a pair of cutouts that

couple to edges that extend outward from the side
panel.

2. The inflatable airbag cushion of claim 1, wherein the
protrusion is disposed at a bottom portion of the forward-
facing surface of the inflatable airbag cushion.

3. The inflatable airbag cushion of claim 1, wherein the
protrusion extends along an entire width of the forward-
facing surface from a first lateral edge to a second lateral
edge.

4. The inflatable airbag cushion of claim 1, wherein the
protrusion is angled downward and forward in a deployed
configuration of the inflatable airbag cushion.

5. The inflatable airbag cushion of claim 1, wherein the
protrusion projects at least three centimeters from the for-
ward-facing surface.

6. The inflatable airbag cushion of claim 1, wherein the
rearward-facing surface comprises a pair of lobes disposed
on opposing sides of a central receiving area that is config-
ured to receive the head of the occupant during the collision
event.

7. An airbag deployment system comprising:

an instrument panel comprising a blind hole;

an inflatable airbag assembly housed within the instru-

ment panel, the inflatable airbag assembly comprising

an inflatable airbag cushion comprising:

a rearward-facing surface to be positioned forward of a
vehicle seating position for receiving one or more of
a head or a torso of an occupant in a forward
direction during a collision event; and

a forward-facing surface comprising a protrusion,
wherein the forward-facing surface is configured to
engage the instrument panel, wherein the protrusion
is configured to conform to and partially fill the blind
hole of the instrument panel, and wherein the pro-
trusion is configured to engage a blind end of the
blind hole.

8. The airbag deployment system of claim 7, wherein the
blind hole extends laterally along the instrument panel.

10

15

20

25

30

35

40

12

9. The airbag deployment system of claim 7, wherein a
width and a depth of the protrusion substantially mirror the
blind hole of the instrument panel.

10. The airbag deployment system of claim 7, wherein the
protrusion is restricted to a bottom portion of the forward-
facing surface of the inflatable airbag cushion.

11. The airbag deployment system of claim 7, wherein the
protrusion extends along an entire width of the forward-
facing surface from a first lateral edge to a second lateral
edge.

12. The airbag deployment system of claim 7, wherein the
protrusion is angled downward and forward in a deployed
configuration of the inflatable airbag cushion.

13. The airbag deployment system of claim 7, wherein the
protrusion projects at least three centimeters from the for-
ward-facing surface.

14. The airbag deployment system of claim 7, wherein the
rearward-facing surface comprises a pair of lobes disposed
on opposing sides of a central receiving area, wherein the
central receiving area is configured to receive the head of the
occupant during the collision event.

15. An inflatable airbag cushion comprising:

a central panel comprising a substantially rectangular

shape;

a pair of side panels that each couple to an edge of the
central panel, each side panel of the pair of side panels
including an edge that includes a portion that protrudes
from the side panel in a forward direction,

wherein opposing lateral edges of the central panel each
at least partially couple to one of the pair of side panels,

wherein the edge of each of the pair of side panels that
protrudes forward from the side panel forms a protru-
sion that is configured to conform to and partially fill a
blind hole of an instrument panel,

wherein the protrusion is configured to engage a blind end
of the blind hole, and

wherein the central panel comprises a pair of cutouts that
couple to edges that extend outward from the side
panel.

16. The inflatable airbag cushion of claim 15, wherein the

opposing lateral edges of the central panel couple to the side
panel along the entire edge of each of the pair of side panels.
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